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1. INTRODUCTION

The estimation of intercity travel demand under conditions where a new travel
mode is introduced has always been a challenging task, and continuss to require
a mix of both science and art.

In studies such as the Quebec/Ontario High Speed Rail Study, the exercise of
demand estimation becomes the central focus of the feasibility analysis, and for
this reason, parallel demand forecasting is sometimes undertaken. In the
Quebec/Ontario study three different consuitants have been engaged to provide
separate high speed rail ridership and revenue sstimates for identical scsnarios,
allowing as well for individual data collection to attempt to meet the specific
requirements of each model structure. This permits the assessment of the
implications of alternative model structures on demand sstimation, and theraeby
aliows for a much richer basa for the understanding of demand behaviour.

While this multiple approach to ridership estimation enriches the feasibility study,
it does require that a single set of results be selected for detailed application
within the study. This is necessary in order to ensure consistency, since sach
alternative model has its own internal theorstical base and structure. Whila it is
theoretically possible to conduct expected value analysis 1o marge the resulis,
from a practical perspective, it makes little sense to maraly average the separais
forecasts. On the other hand, the availability of the aiternative forecasts does
allow for improved interpretation and the development of the most significant
ranges for sensitivity testing.

It is the specific purpose of this report, then, to assess the relative strengths and
weaknesses of the three forecasting models, and to recommend the choice of
model results to be used for the final stages of the study.

The assessment of the relative strengths and weaknessaes of the madeis will be
conducted in two primary steps:

1. the review of model structures and methods of calibration, and

2. the comparison of modsl test runs, conducted under common input
assumptions.

The results of these two fypes of assessment are presented in sections 2 and 3
respectively.



2. MODEL REVIEW

The review of the three modelling procedures is based on the assessment of
technical documents provided by each of the three consuitants, plus an extansive
set of 1-2 day meetings of the review panel with each of the consultant teams.
All of the consuitants were cooperative and direct in their discussions, and the
responsibility of interpretation rests solely with the review panel.

For ease of presantation the review panel divided the model procedures per se
into two major segments. The first relates to the consideration of the theory and
structure of the models, on the basis of four components: total demand, mode
choice, induced demand and other pracedures (access/egress, vield
management). The second segment considered the procedures for the
calibration of each of the four components. This has to do with both how and
what data wers utilized within the model, to best fit the model structure to the
1992 base condition.

2.1 Model Theory and Structure

The information obtained by the review panel in regard to each of the mode!
packages from the three consultants is summarized in Table 1. The common
structure applied within the table permits a relatively easy assassrnent of the
primary differences between the aiternative modal packages. The able serves as
the basis for the review of model features, and the four primary modal
components are applied as a structure for presentation in the following sections.

Total Demand

The estimation of total intercity travel demand is the first step of a three-step
procedure necessary to forecast HSR demand. Typically, the approach to total
demand estimation involves two components: the prediction of iotal fravel
demand without MSR and the prediction of total travel demand with HSR. The
former is usually determined by simple time-series analysis, and is necassary for
the establishmaent of a base for determining diverted and induced traffic on HSR.

The latter is often accompiished by calibrating a cross-sectional direct demand
model, where

total demand = f (socic-economic characteristics, total travel cost by afl
modes (including HSRY)).



As noted in Table 1, CRA’s procedure for gstimating total demand without HSR
was different from the other two consultants, who utilized the results of the time
series analyses offered by CIGGT. The expert panel utilized by CRA produced
auto growth rates, in particular, which were lower than those interpreted by the
CIGGT study. The development of a common base from which to determing HSR
impact is obviously important, sc CRA was ulimately required to accept and
apply the common time series analyses to their forecasts.

In regard to the projection of total demand with the inclusion of HSR, the
procedures applied by the three consultants are quite different. CRA does not
require an independent estimate of total demand with HSR, as the HSR demand
diversion and induced volumes are "buiit up® from total demand volumes without
HSR. Both TEMS and SOFRERAIL apply a cross-sectional direct demand model
as defined earlier, by trip purpose and city pair. While these two rmodels are
similar in form, the TEMS modei conforms more to the expected functional
formulation.

Mode Choice

Without doubt, the most critical element of the three-stage demand estimation
procadure is that reiated to mode choice. The approach iaken by each of the
three consuitants is substantially different in nature, and each technigue will be
defined in turn, before offering comments on the value of sach.

The SOFRERAIL mode chaice modei is muitinominal in structure, but uses relative
modal utilities rather than the more conventional logic formulation. This may have
been done to try to avoid the independence from irrelevant alternatives (HA)
property of the multinominal logic model, where travellers using HSH ars
estimated to be drawn from competing modes in preportion to the mode share
of trips on existing modes. However, the chosen modei structure still suffers from
the IIA problem. In addition, the probability distribution function becomes finaar
in form, which is a very simplistic assumption for mode choice behaviour.

The SOFRERAIL mode choice model does maks use of a unique generalized cost
function, which incorporates the differenca between actual and desired departure
times rather than just departure frequency. The domain of mode choice is aiso
highly disaggregated by time of day, so that in fact, there may be as many as 3273
options within the day (20 air departures, 5 train departures, 10 bus departuras,
and 288 automobile departures).



TABLE 1 - SUMMARY CF MODEL CHARACTERISTICS

. demand diversion to
HSR from each
competing mode

. inducsd demand for
HSR

Model Package
Model Components CRA TEMS SOFRERAIL
1. demand projection |1. totai demand 1. total demand
Overall model structure | by mode and city projection by city projection by city
pair without HSR pair, with HSR pair, with HSR

. pairwise modal split
at successive lavels
of choica

. induced demand for
HSR, within total
demand model

2. simuftaneous mode
choicse

. Induced demand for
MHSR, within total
demand model

Market segmentation

10 market segments

- 2 inp purposes
. business
. non-business

- 5 primary modes +
sub-modes
. auto
nen-captive

dastination captive |

route captive

. local air

. connect air

. 1ail
conventional
HSR

. bus

12 market segments

192 markst segments

- 3 trip purposes
. business

. commuter
. other

4 modes
. auto

. rail
. bus

- 2 g purposes
. business
. Ron-Duginess

- 4 modes (calibration)
5 modes {forecasting)
. BUto

. air
. conventional rai

. HSR
. bus

- 24 time pariods/day

Total demand model

developmant of
average growth rates
by mode through

expert panel

cross-sactional direct
demand modai by trip

purpose and city pair

crosg-gacional direct
demand model by trip
purposs and oty pair,
supplemented by time
series analysis for
existing modies
(CIGGT)

Moda choice modael

pairwise binary logic
{10 models)

hierarchical binary logic
{9 models)

relative mode wility
model by zone pair
(64 modeis)




Maodel Compoenents

Model Package

CRA

TEMS

SOFAERAIL

Induced demand
modei

Function of log sum
term, calibrated on
past experience

Function of change in
travei utility raiative to
existing service and
demand elasticity {part
of total demand model)

Function of changs in
travei utility {cost and
tima}, using eiasticity of
demand as calibrated
for total demand modat
for base condition

Data Utilization

Stated preference data,
appiied through
ordered binary logic
process (VPA)

Revealed preferancs
data, and independent
application of stated
preference data

Revealed preference
data (using perceived
sarvics variables for
existing modes)

Access modei

Average super-zone
vaiues (basad on
TEMS values)

Detailed intra-zonal
network representation
and assignment

Average zonal values
{perceived by user)

Yield Management

Optimization basad on
4 major route
segments and 2 trip
purposes

Optimization based on
3 major route
segments and 2 trip
purposes

Optimization by city
pair and trip pumose
for 12 time periods per
day

Other Features

Assassment of 2 air
sub-modes & of 3 auto
sub-modes by degree

of captivity

Application of 1887
data to compare
recessi

{1992} /non
recessionary modeis

Application of service
frequency vanation by
time of day, and use of
desired time of
departure




The mode choice approach applied by TEMS invoives a hierarchical binary logic
structure (for 3 trip purposes and 3 levels of binary choice), thereby taking
advantage of the non-linear, logic formulation but minimizing the problam
associated with the ilA property. The challenge lies in the choice of the hierarchial
structure of the model. While the first step in the hierarchy involves the choice
between the automobile and public modes, it is not obvious whether the next
choice is between ground and air modes, or betwaen high-quality and low-quality
public modes.

For theoretical consistency, it is necessary that the hierarchial binary choice
model apply inclusive prices or log sum terms for combining the level of service
characteristics for public modes, or for combined modes at any level in tha
hierarchy. This requires the assumption, however, that trade-offs betwesn time
and cost components are considered in a similar way at aach level.

The third approach to mode choice estimation Is that offered by CRA who apply
a pairwise binary logic modef to the sstimation of the shars of trips diverted from
each existing mode to the new HSR mode. The advantage of this approach is
that it allows for differantial behaviour by travellers on existing modes, in response
to the characteristics associated with the new HSR mode and totally avoids the
A problem. Conceptually, this permits different functional forms and coefficients
for the binary choice between each existing mode and HSR.

Induced Demand

Induced travel demand may be defined as trips which currently do not take piacs
in the system, but occur in the future in direct response 1o the improved lavel of
service provided by the new mode. It is important that the methodology for
predicting induced travel be consistent with the methodology for estimating mode
choice, since it is expected that traveller reactions to improved levei of service
variables should be similar.

All three consultants would appear to be internally consisient in their own
definition of induced demand, aithough the formulations are differant in aach
case. SOFRERAIL utilizes a value of demand elasticity with respect to travel
utility, as estimated from the total direct demand equation. The ulility valus,
howaver, is based on a truncated version of the generalized cost, without
departure frequency and the mode constant.

The TEMS methodoiogy for Induced demand astimation also makes uss of
demand elasticity, but presumably dces so based on the utility functions as
calibrated within the mode choice model.

Finally, the CRA induced demand formulation incorporates iog sum terms for the
high-speed common carriers (air and HSRY) with an elasticity value calibrated from
past studies.



Other Models

A number of other model componants complement the three primary elemenis
of demand estimation. Of particular interest are the access/egress astimation
procedures and the methodology for yield maximization. in the case of the
access/egress model, TEMS distinguish themselves by developing a detailed
intra-zonal network for access and egress to and from major modal terminals,
This permits them to test alternative HSR station locations and o estimats
demand for a much finer O-D matrix. Both CRA and SOFRERAIL utilize average
access/egress times by mode for superzones.

In regard to yield management, it is SOFRERAIL which develops optimal fares at
a very disaggregate level, optimizing on a city pair, trip purpose and time-of-day
basis. CRA and TEMS optimize fares by trip purpose for 3 to 4 major route
segments in the corridor, and then apply these values throughout the corrider to
calculate total revenues.

2.2 Model Callbration

With an understanding of the model structure that is applied by each of the thrae
forecasters, it is now possible to consider how the individual modais have been
calibrated, to best fit the existing base condition. This section reviews the general
calibration procedures followed by each consultant, while the specific mode!
parameters will be presented in part 3 of the report.

For the total demand models, the approaches taken by each of the consultants
are totally different. As noted, CRA only requires an estimate of total demand by
made, without MSR in place. While this is normally where they wouid apply the
revealed preference data to a time-series direct demand model, hare they have
chosen to rely on an expert panel process. This produces an approximate
projection only, with no analytical basis. The argument here is that important
structural changes are taking place and that these are difficult or impossible fo
take into consideration.

The most detailed approach to total travei sstimation is that deveioped by TEMS,
who calibrate a direct demand model using a series of socio-economic variables.
SOFRERAIL has also applied a similar process, but uses only population as an
independent variable, within a more simplified functional form. As waell,
SOFRERAIL fitted a time-series model to the projection of total demand by mods
(without HSRY), in direct contrast to the CRA approach 1o the same issus.

For the mode choice models, calibration procedures were equaily divergent by
consultant. In keeping with the nature of their model, the CRA group uses stated
preference data only to fit the mode choice function. Since fravellars are
responding to the introduction of a new mode, as yet unexperienced, thair
behaviour can only be interpreted from a survey which seeks to determine
responses to the new situation. Much is dependent then, upon the validity of the
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survey structure and its interpretation. CRA has applied a proprietary crdered
binary logic procedure (VPA) to the interpratation of the stated preferance survay,
but experienced some trouble in mode choice model calibration, dus 1o some
undersampling in selected market segments. This necessitated a mare genaeral
process of calibration and an interpretation in conjunction with other axperiancs.

The TEMS calibration procedure for the mode choice model, on the other hand,
made use of both stated preference and revealed preference information, but in
an independent manner. Essentially, stated preference data was used tc sstimate
values of time and frequency, which were then applied along with the revealed
prefsrence data in the mode choice modei. This, of course, raises major issusas
of consistency in the two sources.

The calibration of the hierarchial binary logic model is not an aasy task, since the
structure of choices within the hierarchy may be altared as well. This can be
assessed, however, by the coefficient value for the inclusive vaiue or logsum term
within the mode utility functions. Consistency within the structura is ensurad when
the coefficient is less than one, and when the coefficients decrease as ore
proceeds from one choica level to the next highest. This implies the neead for
manual interpretation and modification within the calibration Process,

The TEMS forecasting team has also developed their total set of modals for all
city pairs in the corridor, as defined by the 1992 situation, rathsr than the 24 O-0
pairs estimated by CRA and SOFRERAIL. This more limitad market definition was
specified by the study management. The additional city pairs constitule
approximately 26% of the intercity rail market in 1992, and therefore the base for
forecasting by TEMS is substantially larger than for the other twe consultants, |t
should be said as well, howaver, that CRA does use the (stated preferences)
information for all O-D pairs in its calibration exercise, while SOFREFAIL only uses
a selected subject (approximately 47 %) of the (revealed prefersnce) daia for
calibration.

It is worth noting as well that TEMS has also reviewed the 1987 travs! demand
data, to compare values of time and frequency in a “non-recessionary” period with
those in a more recessionary period (1992). This provides a valuable assessment
of the reiative stability of behavioral parameters over time.

The mode choice model calibration by the SOFRERAIL team differs most
dramatically because of its disaggregation by O-D pair, i.s.: the modsl is
calibrated for two trip purposes and 32 city pairs (64 eguations}. Two cther
characteristics should also be noted. First, SOFRERAIL has started with a
reduced total travel market (47.5 million trips out of 101 million trips in 1992}, by
eliminating intra-urban trips, connect trips outside the corridor, and captive auto
trips. Second, they have used revealed preference data oniy, so that mode
constant terms for the new HSR mode must be chosen as a minimum value from
the other mode constants. This represents a major difference from conventiona
practice and from the other two consultants. Even more, mode service variables
as perceived by the survey respondent are used in calibration, rather than actua
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values. While this is logical from a behaviorai perspective, it makes forecasting
maore difficult.

The most unique feature of the SOFRERAIL mode choice model is undoubtadly
the disaggregation by city pair. The calibration resuits indicate that the
coefficients of the generalized cost equation are indeed different, most especially
in regard to value of time for business travel, vaiua of frequency for business
travel and several of the mode constants for both trip purposes. Interpretation is
very difficult, howaever, since these variations are a function of the particular mix
of travellers on each city pair. A more reasonabie approach would be o
incarporate additional variables (such as linguistic pairing), or to develop separate
models for each province.

Next, the induced demand model has its own particular difficulties In regard o
calibration. Essentially, it is necessary to determine how many non-traveilers in
the base period will respond to the increase in level of service as provided by
HSR. It is generally assumed that the response will ba related to the sensitivity
of existing travellers to change in lavel of service. CRA utilizes an elasticity value
obtained from experience in other studies: TEMS and SOFRERAIL apply
elasticities as obtained from the calibration of the total demand squation,

Finally, in terms of the "other* model categories, calibration is not a significant
requirement. Access/egress times are calculated from the network by TEMS, for
use within the mode choice modal. SOFRERAIL, on the other hand, utllizes
perceived access/egress times and costs from the revealed preference survey.

In summary, it is apparent that each of the three consultants has mada use of the
available information in its own way, to best fit the requirements of the chosan
model structure. !t is the suitability of this combination of data and structurs
which determines the quality of the forecasts.

2.3 Conclusions on Modei Structure

As might be expected, the task of summarizing the strengths and weaknesses of
the three sets of modei procedures is exceedingly compiex. In some cases,
selected components of the multi-stage estimation process are strong, while
others are not, or the associated data may be less than appropriate. The _
following comments summarize the understanding of the review panel, at this first

stage of assessment.

The CRA demand model sequenca contains the strongest mode choice structure
and has the most sophisticated market segmentation. Although the potential of
this modelling process is the greatest, problems deriving from inadequate stated
preference data collection mads calibration more difficult than it would have seean
otherwise. It is also weakened by a subjective projection of total demand, to
which the mode diversion modeis must be applied. In the end, CRA did use the
common total demand estimates, as required by the study management.



The TEMS forecasting approach represents perhaps the most comprshensive and
flaxible model structure, with a high degree of spatial disaggregation and detailed
network representation. 1t also utilizes the total intercity travel market as the base
for projection. However, the complexity of the model structure resulls in
cumbersome calibration procadures, with a need for manual adjustmerni,
particularly within the hisrarchial structure. Also, the level of consistency In the
mixed use of stated and revealed preference data is of some concern.

The SOFRERAIL model package derives from an operations perspective, with a
high degree of disaggregation by time of day and O-D pair and the use of a mors
sophisticated frequency variable. This adds a complexity which is generally
unnecessary for medium and long-range forecasting. The mode shars madel is
also inconsistent with standard theory and practics, and seems to produce a high
degree of variation in model parameters.

Judgements, at this point, are based on a review of modei structure and
calibration procedures. It remains to Interpret the Implications of this Initial
assessment on forecast resuits for controlled scenarios, where inpuls are held as
constant as is possible for all three forecasting models.
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3. COMPARISCON OF TEST RESULTS

The true tests of model differences comes in the appilication of the three models
to forecasting under the same set of base conditions. While this concapt of
comparative testing is quite straightforward, its appilication is not, since sach of
the three forecasting models has its own peculiar Input requirements, making
absolutsly identical model application unachievable.

The definition of the controiled scenarios, or "test runs” were presented in a mamo
from IBl dated August 18, 1993. The requirements were astablishad as follows:

1- Forecasts to the year 2005, for the full Quebec-Windsor corridor;
2- 200 km/h and 300 km/h service;

3- HSR fares set at 60 % of specified airfares;

4- total market growth rates constant at pre-specified levels, and

5- fixed operating plan.

As indicated, some differencas between the input assumptions of the three
modeis stiil existed (for exampie, the assumed access times), due lo inherent
differences in model requirements. While some checks on the commonality of
inputs were conducted, time did not permit a full comparison. However, as much
as possible, the test runs should provide a relatively common base for
comparative purposes, so that any variations in output are strictly relatad to
differences in model structure and calibration.

In conducting an analysis of the output results from the SOFRERAIL, CRA and
TEMS demand foracasting models, there are three general approaches which
may be taken. The first is to compare the three sets of ridership astimates from
the perspective of a number of dimensions, and the second is to assess the
essential model parameters (elasticities, values of time and frequency and modat
constants). Thirdly, a number of reality checks may be undertaken, in the form
of internal consistency checks, sensitivity tests and comparisons with other sirmilar
studies.

For the purpose of this report, emphasis was given to the first type of comparison.
in the case of tha second type, a full set of consistent parameters were not

- available from all these forecasters, so this approach was limited in exient, For
the third type of comparison, time did not permit reality checks at all, sven though
this was fully intended.

11



The comparison of model tests results involved the assessment of four sets of
output”; total corridor volumes, individual major O/D pair volumes, diverted and
induced trips, and trips by purpose. In the time frame allotted for the comparative
analysis, passanger revenue estimates were not available from all consuitants, so
revenues were not reviewed. Time did also not permit the assessment of trip
length frequency distributions, so that no consideration could be given to short
and long trip variations.

3.1 Total HSR Trip Yoilumes

The full set of projections on all three forecasters are presented in Table 2. it is
immadiately apparent that, not only are the total ridership astimates diffarant, but
the basis for the estimates are also quite dissimilar. While the TEMS projections
are the lowest of the three (CRA is 4 % higher and SOFRERAIL 42 % highar), the
totals for each derive from different sets of intercity pairs. TEMS, in fact,
considers a wider set of O-D pairs, with 25 % of the total coming from city pairs
that are not even considered by the other two consuitants. As a rasult, aven H
one takes a common set of major city pairs (7 and 24 city-pair subtotals are given
in Table 1), the differences between the low TEMS projections and the other two
projections are even more amplified.

The resuits of the three sets of projections are also provided in Figure 1, in a
summary form that is more easily interpreted. It is apparent here that the
estimates of diverted trips for TEMS, CRA AND SOFRERAIL are much maore
similar in value (7.9 m, 87 m and 9.4 m, respectively) indicating that the
differences in total trips are due primarily to the estimates of induced dernands.
This point will be considered further sisewhere in the report.

3.2  Volumes for Major O-D Pairs

In order to attempt to understand the differences in total estimates of damand, it
is helpful to assess the projections in spatially disaggregate form, by city pair.
Figure 2 provides a simple description of the three sets of projections by city pair,
so that the degree of disagreement within the corridor becomes readily apparent.
For the seven major city pairs, TEMS values are consistently low, while the CRA
and SOFRERAIL results alternates from high to intermediate values. For the
remaining seventeen city pairs, there are major discrepancies betwsen the three
forecasters, most especially in regard to city pair 11 (Kingston-Cttawa), 14
- (Montréal-Trois-Riviéres), 20 (Kitchener-Montréal), and 23 (Windsor-Kitchener). It
is interesting to note as well, that, while in 1992 the highest ViA Rail ridership in
the corridor is between Montréal and Toronta, for the projections to the year 2008,

it is Montréal/Quebec City for SOFRERAIL and Toronto/Ottawa for TEMS and
CRA.

" For sase of presentation, results for the 300 km/h case only are provided.
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TABLE 2

HIGH-SPEED RAIL RIDERSHIP PROJECTIONS - 2003

TEST RUN : 300+ km/h OPTION

{
!

C/D Pairs Sofrerail CRA TEMS (Superzone Volumes) i
Bus, N-3. Tota] Bua. N=-8. Total Bus. N-g, Tosl

Quebec = Trois Riviersy 2,543 5,25 7.7%4 373 1,709 £,047

* Quebes - Montrea) 430,000 1,530.000 2.0%0.¢00 433522 659,307 1,093.37% 71,783 341,634 417389
Quetize - Cawy 46.0C0 100,000 46,000 86,843 54,317 111,460 41,402 43820 90,131
Quebee ~ Kingsten 530 1,923 2,203 nfa w8 /e
Qusbes ~ Torsarn L0000 (35000 235.000 96233 51941 153,224 TCA% 123547 199,04
Quebbec = Kirchenar 5213 1.034 8,257 wa als néa
Quebes ~ London 3,32% 1.233 4,553 ala ala s
Quebes = Windser 9 1207 1.567 a/n ala e
Trols Riviarss = Moxtrea] 37,000 393.¢0 430,000 65,212 24510¢  320.312 12801 32877 assvy
Trols Rivieres - Ctawa 4000 84,000 70,000 3,029 74356 10,485 10,137 32278 43.4s5
Trols Rivierey « Kingston 1,564 o] 1.554 n/a alg /s
Trois Rivieres = Toremes 1,000 37.000 43.4C0 147 6,287 6,434 20349 26818 114147
Trots Rivierss ~ Kitchene: 247 Q 42 n/a e n/s
Trols Rivieres - Landen 2 Q Q wa a/a Az
Troit Rivieres ~ Windser b ¢ o] e Wa ala

* Montzest - Onaws 398,000 206,000 1.20¢.500 784S 753967 1,081,612 334383 321,102 435,413
Monsal = Kingston 1300 140500 169,000 21,695 38723 104.4138 20,128 19,798 39,934

* Montrea! ~ Terontn " 312,000 1,050,600 1,902,000 TI39 618231 1,335,823 438262 737,324 1.276.036
Mentrea - Kitchener 15600 32,000 47,000 10605 13,053 23,558 36272 196.951 g3
Manrrea] - Landon 12,500 84,500 71,000 18249 30,933 45,182 E Y .5 B Y Yo
Menmraat - Windsor 24596 20,067 45,743 J8.550 49087 w7.sa
Ctawa = Kingyton 193,500 55200 849,000 TA369 240,447 3154101 51875 33358 135434

* Ctiawa ~ Toronn 759,500 1.063.200 1.823.000 | 1.235 344 687517 197361 8C2.750 450,841 1.393.3%)
Oftewa - Litehener §.500 40200 7,000 5,406 26,153 32,564 9,286 13,664 33,950
Ottawa ~ Landos 28,000 55,000 32.000 46,503 135,591 52,494 9,720 0047 s
Craws = Windsor 10.42 13,457 34,083 5,846 41,484 47,100

* Kingaton - Toronto 2000 659000 970.000 134,632 438,367 671,559 139,88C 310,370  4ToEso
Kingsten - Kizchene: 4000 (7000 31000 4,126 12,509 16.735 ¢ 208 12087 f
Kingston - | amdon 7300 2300 30,000 4,35 19,035 23,395 375 18079 7093y f
Kiagson = Windser 2,324 7.054 9.373 15359 10947 26.506 |
Toroatn - Kitshenar TLOCO 408,000 479,000 13419 139458 2874 $7.406 35T 410,180 f

* Torento - Landan 137,000 984,000 (,721.000 3BT 8473 207445 75,834 3TL1EL 546988 |

* Tarones - Windsor 162,000 465,000  §27.000 177410 274,986 552,408 123.372 151387 375769 j
Xlitchansr = Londan 97200 175300 273.000 1.7 60,239 63,951 17850 182551 180,108 |
Kitthener - Windsor lR.000 215000 317.0C0 188557 0.9 49,473 8418 25413 g
London ~ Windsor 196,600 360,000  $24,0C0 102,765 220.557 323,322 29,154 97,005 [26.143 i
Cther Paire 611,291 1.340,2556 2451547 ;
Toml HSR Trps 4,009,500 9.653.500 13,663,000 | 4,339.7%7 5,739,903 10,069,560 | 3.515.285 5,138,523 9.653.87% ‘}
doven Pair () Subrotal | 3.099.500 67350 9,777,000 | 3118417 457345 7988975 | 29seson 30 me 181 836 f
28 Common Pur Subtows| $,009.500 9,453,500 13,563,000 | 427,338 STLITS 9955515 | 2843571 4,193,170 7,037,081 |
Notas: Nas~3Business trips inciude cammnters,

Seme of the

TEMS valuey ars baged cn don—to=-station Sorseasy,
n/a eans tiar ths specifis volumes ars act svailshle, They 2ro included within “other paizs”,

/D pair volurses from Satrarsil kave been dightly sdjusted to mateh the torls,



FIGURE 1
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FIGURE 2
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As it was the case in section 3.1, the true differences between the three sets of
projections may be seen more easily through the use of bar and pie charts.
Figures 3 (Montréal/Toronto), 4 (Toronto/Ottawa), and 5 (Montréal/Quebec City)
have been sslected as examples. The scale and relative order of magnitude is
dramatically different by consultant. It is obvious that this diversity has mam
other characteristics as well, and these will be considered in the saction to follow.

3.3 Diverted and inducsd Trips

With the assessment of the magnitude of HSR trips as projected by the three
consultants, the next step is to consider the reasons why the estimates are so
different, for the same input assumptions. Of particular interest is the source of
the travellers, namely, the modes from which existing traveilers are diveried, and
the number of new travellers {those who would not have travelled at all, if there
were no HSR service),

Figures 1,3,4 and 5 summarize both diverted and induced trip estimatas, for total
corridor movements and for three selected O/D pairs. In general, SOFRERAIL
projects high auto diversion, TEMS high conventional rail diversion and CRA high
air diversion. (Figure 1).

In the case of the SOFRERAIL model, there can be little doubt that its resuits are
affected by the independence from irrelevant aiternatives (HA) property of any
multimodal share modsl. The HHA property is cne in which traveilers on the HSR
mode are drawn from the other modas in direct propertion to the share of trips
made on the gxisting modes. Since auto users make up 85 % of existing intarcity
trips, diversion takes place accordingly, under the HA condition. This oCCurs,
quite simply, because the probability of an individual choosing a particular mode
is a function oniy of its utility relative to the utility of ail other modes (ie - it is
unaffected by the intrcduction of new alternatives of modes: they ara irrelevant).
For the SOFRERAIL model, it is also likely that the high auto diversions (88 %) are
due to the fact that the modei was calibrated using only pre-screened auto trips
from the revealed preferenca data base (e - captive auto trips were aliminatad).
Auto trips which were not "likely” to be diverted were removed from the data file,
This is an example where the calibration procadurs influencss the model resuits;
the llA property is a case where the model structure affects the modei resufts,
even when input assumptions are the same.

It should also be noted that the TEMS model incorporated assumptions regarding
an increase in conventional rail service, that was not in accord with the other two
forecasters. This no doubt explains much of the diversion 43 %) from
conventional rail to high-speed rail.
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FIGURE 3
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FIGURE 4
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FIGURE 5
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Finally, it is worth nothing as waell, that Figures 3, 4 and 5 show that thers is some
agreement on trip diversions for selected O/D pairs. For axample, for the
Montréal/Toronto corridor, both SOFRERAIL and CRA predict significant air
diversion. For the Toronto/Ottawa corridor, high air diversion are predicted by
CRA and TEMS, and for the Montréal/Quebec City corridor, all three consultanis
are in agreement on the extent (but not absolute magnitude) of auto diversions.

For the induced travel market, the SOFRERAIL resuits (at 31 % of the market) are
considerably different than those of CRA (18 %) and TEMS (13 %). Once mors,
the SOFRERAIL estimates are consistently higher, for most or all ¢ity pairs, so the
differences are quite obviously a function of alternative induced demand modei
formulations. The TEMS results, in fact, exhibited a number of anomalies which
couid not be explained.

3.4  Trip Purpose

Ancther travel demand segmentation that is most important in understanding
model structure and forecasting ability is that related to trip purpose (in this case,
business and non-business travel). Table 3 summarizes the MSR market share
by the two trip purposes, for a selected set of O-D pairs. Once again the
differences in model and calibration procedures rasuit in differing output for the
three models. Generally, the SOFRERAIL modei estimates a higher market share
for non-business travellers that do the CRA and TEMS models. For the business
traveller, the CRA model quite consistently estimates the highest HSR share, and
TEMS the lowest. These differences are difficutt to explain, but are obviously a
function of the model characteristics themseives. It is axpacted that thesa
differences wouid be apparent in a comparison of elasticities by trip purpose.

Figure 6 provides a visual representation of HSR market share by trip purpose,
for the Montréai/Toronto corridor. In this particular case, the SOFRERAIL and
TEMS models project higher market penetration than CRA for the non-business
market, while CRA has the highest market penetration for the business market.

3.5 Model Parameters

Concaptually, much can be learned about a ransport demand modsl from the
values of its elasticities of demand, values of time and frequency and modal
constants. In particular, comparison of these parameters with both ampirical
svidence and other model applications can be most instructive. Unfortunatesly, in
this case, time and availability did not permit adequate comparisons to be
conducted,



TABLE 3

HIGH-SPEED MARKET SHARE BY TRIP PURPOSE

FOR SELECTED O-D PAIRS

TEST RUNS, 300 KPH

SOFREFAIL CRA TEMS

Corridor

Total 21% 16% 7%

Bus 23% 258% 12%

Non-bus 20% 13% 8%
Montréal-Toronto

Total 42%, 30% 30%

Bus 36% 33% 23%

Non-bus 43% 26% 38%
Toromo-Ottawa

Totai 43% 44% 3%

Bus 4% 64% 45%

Non-bus 45%, 28% 2%
Manrtréal-Ottawa

Totaj 20% 18% 10%

Bus 28% 23% 23%

Non-bus 17% 16% 6%
Montréal-Québec

Total 23% 12% 6%

Bus 15% 17% 10%

Non-bus 25% 10% 5%
Toronte-Kingston

Total 25% 22% 14%%

Bus 33% 36% 23%

Non-bus 29% 8% 12%
Toronto-Lendon

Total 2% 20% 8%

Bus 15% 23% 10%

Nor-bus 21% 18% 8%
Torento-Windsor

Tctal J32% 27% 20%

Bus 38% 48% 26%
[_ Nen-bus % 19% 18%




Generally speaking, it would appear that the implied values of tims and demand
elasticities relative to time, frequency and cost are within reasonable bounds for
the CRA and TEMS model formulations. Specific conclusions are difficutt,
however, since CRA modified calibration procadures to achieve reascnabie valuas
of time and frequency, and TEMS developed a modified hierarchial structure for
the mode choice modael, but new modal parameter values were not available for
assassment.

For the SOFRERAIL model, on the other hand, elasticities of time and frequency
were excessively high, and well beyond comparative measurss from other studies.
This no doubt reflects a different empirical base, but of concern as well is the high
degree of variability within the model itself. As calibration Is done on a city pair
by city pair basis, an assessment was made of the basic model parametars for
each QD pair. Il was noted that many of the parameters exhibited extreme and
unexpacted variations, especially for business travel. Cf particular concern wers
the modal constants, given their importance within the mode choica model. i
should be remembered that the major conclusion of the Air Canada/CP Rail
study was that the mode constants had the most significant influsnce in the
sensitivity tests. Yet the SOFRERAIL modsl has to assume rather than caiculate
the HSR modal constant, and does so by taking the minimum value from the
calculated mode constants for the exiting modes.

In summary, it is not possible to be conclusive in regard of modei parametars.
If more information from tha individuai modeliers had been availabie and time had
permitted, a more in-depth analysis could have been conducted. As it s, any
findings are quite cursory.



4. CONCLUSIONS AND RECOMMENDATIONS

In conclusion, the task of technical assessment of the three passenger demand
models can be said to be only partially successtful. In spite of all of the efforts io
ensure direct comparability in the test runs, all things were not equal. The most
instructive element of tha technical comparison was, without doubt, the review of
model structure and calibration procedures. This is where most of the significant
differences between the three demand models becamae apparent (see saction 2.3)
and it is obviously these differences which produced the wide variation in resulis
of the test runs. As noted, these differences wers not just in total patronage
estimates, but were apparent in the compaosition of the demand, in terms of both
diversions and new or induced travellers, by trip purposae.

Generally, it Is not possibie to directly link the inherent model characteristics with
the nature of the demand estimates in the test runs, due 1o the complexity of the
estimation procedures. Further analyses of the model parameters would have
been of assistancs, as indicated in section 3.5. Some relationships, however, ars
quite obvious, such as the existenca of the JIA problem in the SOFRERAIL modal
and the high auto diversions, or the hierarchal structure and incompatibie
appiication of data sets and the difficulty of calibration in the TEMS modai.

In essence then, the conclusions on mode! structure as described in section 2.3
of the report form the basis for the final recommendation of the technical raview
team. To the extent that these conclusions are supported by the subsequent

forecasts. For the test runs, this strengthens the recommendation for modai
selection.

it Is recommended that the Quebac/Ontario High-Speed Rail Project sslect
the demand estimation model developed and callbrated by the CRA team as
the basis for the remaining analyses in the study. While the resuits from the
TEMS and SOFRERAIL models may provide considerable guidance In the
development of sensitivity tests and confidence limits, technicat consistancy

requires that ail further dependency be piaced on the singla set of forscast
procedures.
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